In 2015 and 2017, the AM CVn candidate NSV 1440 showed superoutbursts having the characteristic features of WZ Sge-type dwarf novae (DNe). By analogy with hydrogen-rich cataclysmic variables (CVs), we can interpret these outbursts as "double superoutbursts" which are composed of the first superoutburst with early superhumps and the second superoutburst with ordinary superhumps. The object also showed multiple rebrightenings after the main superoutbursts. Early superhumps had been never observed in AM CVn stars and candidates, thus NSV 1440 is the first confirmed WZ Sge-type AM CVn candidate. We obtained the early superhump period of 0.0252329(49) d and the growing (stage A) superhumps period of 0.025679(20) d from the 2015 superoutburst. We regarded the early superhump period as the orbital one. By using these periods we estimated the mass ratio q =0.045(2). This value suggests that NSV 1440 is indeed an AM CVn star and that the secondary is a semi-degenerate star.
Introduction
AM CVn stars are a subclass of cataclysmic variables (CVs), which are close binary systems composed of a white dwarf (WD) primary and a mass-transferring secondary. Their secondary stars are helium stars or helium WDs. They are characterized by absences of hydrogen lines in their spectra and their ultra-short orbital periods of 5-65 min (for reviews of AM CVn stars, see Nelemans 2005; Solheim 2010).
Outbursts in AM CVn stars are theoretically studied by Tsugawa, Osaki (1997) and are basically understood by analogy with the thermal instability model in H-rich dwarf novae (DNe). However, the outburst behaviors of AM CVn stars are complicated, e.g. dips, rebrightenings and so on. Kotko et al. (2012) argued that variation of the mass-transfer rate, may be caused by irradiation of the secondary, is necessary for reproducing their light curves on the basis of their model calculation. Warner (1995) and Warner (2015) interpreted the typical outbursting AM CVn stars as VY Scl-type objects, which show brightness variations owing to the change of the mass-transfer rate. More detailed observational studies are required to understand the outburst mechanism and the stability of the mass-transfer rate.
Some AM CVn stars show not only normal outbursts but also superoutbursts with superhumps (Patterson et al. 1993; Warner 1995) . Superhumps are small-amplitude modulations whose period P SH is a few percent longer than the orbital period P orb . Superoutbursts and superhumps are characteristic phenomena of SU UMa-type DNe and are explained by the thermal-tidal instability (TTI) model (Osaki 1989) . When an outer disk reaches the 3:1 resonance radius, the disk becomes eccentric and begin to show periodic modulations, i.e. superhumps (Whitehurst 1988; Lubow 1991a; Lubow 1991b; Hirose, Osaki 1990) . Kato et al. (2014) and Isogai et al. (2016) confirmed that the period variations of superhumps in AM CVn stars are consistent with those in H-rich DNe, and proposed that the superoutbursts in AM CVn stars are also interpreted by the TTI model. AM CVn stars typically have an extreme low mass secondary (cf. Nelemans et al. 2001) . We know that P orb of outbursting AM CVn stars are typically longer than 1300 s ∼ 0.015 d (Solheim 2010) , and that M 1 of 0.65M ⊙ is often used (e.g. Bildsten et al. 2006) . From these values and the theoretical evolutionary tracks (see section 5.3 and equation 1 and 2), we can approximately estimate that q of typical outbursting AM CVn stars are less than 0.1. Because disks in CVs with q < 0.25-0.30 can reach the 3:1 resonance radius, many outbursting AM CVn stars can show superhumps.
Many hydrogen-rich DNe with q < 0.09 are known as WZ Sge-type DNe, which are a subclass of SU UMa-type DNe. It is known that WZ Sge-type DNe show longer and larger superoutburst in comparison with SU UMatype DNe and show few normal outbursts (for a review of WZ Sge-type DNe, see Kato 2015) . The analogy between WZ Sge-type DNe and some AM CVn stars has sometimes been discussed. For instance, Nogami et al. (2004) pointed out that the outburst behavior of V406 Hya resembles with that of the WZ Sge-type star EG Cnc in that the object showed the multiple rebrightenings after the main superoutburst. Levitan et al. (2015) proposed that the long P orb systems have low mass-transfer rates and will show rare and large outbursts. Thus, they indicated that such objects may be WZ Sge-type AM CVn stars. To date, "WZ Sge-type" in AM CVn stars has basically meant that an object shows multiple rebrightenings or that an object shows rare and larger-scale superoutbursts.
The larger-scale WZ Sge-type superoutbursts are explained by the presence of the 2:1 resonance. If a system has extreme low mass ratio and enough mass is accumulated in the disk, the outer edge of the disk can reach the 2:1 resonance radius beyond the 3:1 one (Osaki, Meyer 2002). The two-armed dissipation pattern in the disk is caused by the 2:1 resonance, then the early superhumps begin to grow (Lin, Papaloizou 1979) . Because the 2:1 resonance suppresses the 3:1 resonance (Lubow 1991a; Osaki, Meyer 2003) , ordinary superhumps begin to grow after the end of the early superhump phase. It is widely known that early superhumps have doublewave profiles and the periods are close to P orb (Kato 2002) . For instance, Ishioka et al. (2002) have confirmed that the early superhump period of AL Com is 0.05 % shorter than P orb . Patterson et al. (2002) also proposed that the signal of the early superhumps in WZ Sagittae is "essentially consistent with orbital frequency". It is considered that a vertical extended disk originates such modulations. Thus, early superhumps are only observed in high-inclination systems. On the other hands, low-inclination systems show a long plateau phase with no superhumps which is brighter than the superoutburst plateau with ordinary superhumps. Such a plateau phase is also regarded as a kind of early superhump phases. Because WZ Sge-type superoutbursts are essentially different from SU UMa-type ones, WZ Sge-type DNe are defined by the presence of the early superhump phase according to the modern criteria (Kato 2015) . For these reasons, WZ Sge-type superoutbursts are brighter and longer than SU UMa-type ones.
As indicated in Levitan et al. (2015) , many AM CVn stars could show WZ Sge-type superoutbursts since they have low q and low mass-transfer rate, especially in long period systems. Actually, some objects have shown WZ Sge-like light curves. However, the reliable evidence of WZ Sge-type superoutbursts, namely the early superhump phase, has never been observed in AM CVn stars and candidates. Because we can estimate P orb from the early superhump period, WZ Sge-type superoutbursts are not just large and rare superoutbursts but the important messengers of the binary parameters. Furthermore, we can also estimate the mass ratios from intensive timeseries observations of WZ Sge-type superoutbursts and evaluate the evolutionary path as will be discussed in sec-tion 5.3.
In this paper, we report on our time-series observations of the 2015 and 2017 outbursts of the AM CVn candidate NSV 1440. Although there is no spectroscopic confirmation, the short period superhump and outburst behavior suggest that the object is an AM CVn star. Actually, the object is often treated as an AM CVn star, e.g. Ramsay et al. (2018) . The object showed the first WZ Sge-type superoutbursts in AM CVn stars and candidates. This fact implies that we can understand outbursts in AM CVn stars by analogy with hydrogen-rich DNe.
NSV 1440
NSV 1440 was a variable star candidate listed in the New Catalogue of Suspected Variable Stars (NSV, Kukarkin et al. 1982) with the brightness range from 12.6 up to 15.0 mag. The object is also known by the names BV 1025, ASASSN-15sz and GALEX J035517.7-822612. The coordinates of the object are RA = 03:55:17.83 and Dec = -82:26:11.5 at J2000. The quiescent magnitudes in Gaia Data Release 2 are G = 18.5126(72), BP = 18.4139(331) and RP = 18.4239(684) (Gaia Collaboration et al. 2016; Gaia Collaboration et al. 2018; Riello et al. 2018) . By using these values and table A.2 in Evans et al. (2018), we can estimate the quiescent V mag of 18.53(5). The object has a GALEX counterpart with near-UV (NUV) and far-UV (FUV) magnitudes of 18.305(57) and 18.286(96) (Martin et al. 2005) . Two historical outbursts were recorded in the All Sky Automated Survey-3 (ASAS-3, Pojmański 2002), cf. the light curve of ASAS-3 in figure E2 . The 2003 outburst was detected at 13.544 mag on BJD 2452929.740037, and the 2005 one was detected at 13.492 mag on BJD 2453669.797309.
The 2015 outburst was detected at V = 13.8 on November 20 (BJD 2457339.62) by the All-Sky Automated Survey for Supernovae (ASAS-SN) (Shappee et al. 2014 ). The 2017 outburst was detected at a visual magnitude of 13.0 on August 21 (BJD 2457987.27) by R. Stubbings (vsnet-alert 21352 1 ). After these detections, we performed the observation campaigns.
Observation and Analysis
Our time-series observations are summarized in Figure E1 -E2 and tables E1-E4 are available online as the supplementary data for this article. tometry using 30-40 cm class telescopes by the VSNET Collaboration (Kato et al. 2004) . The times of the observations were corrected to Barycentric Julian Date (BJD). We adjusted the zero-point of each observer to the data of Franz-Josef Hambsch.
We used the phase dispersion minimization (PDM) method for analyzing the superhump periods. We estimated 1σ errors by using the methods in Fernie (1989) and Kato et al. (2010) . Before our period analyses, we subtracted the global trend of the light curve which was calculated using locally-weighted polynomial regression (LOWESS, Cleveland 1979) . We used O − C diagrams which are sensitive to subtle variations of the superhump period. The times of superhump maxima, which are used to draw the O − C diagrams and are listed in table E3 and  E4 2 , were determined by the same method as described in Kato et al. (2009) . The number in the parentheses after each value represents 1σ error, e.g. 0.12(3) means 0.12 ± 0.03. Figure 1 shows the overall light curves of the 2015 and 2017 outbursts. We also added the V and g-band data obtained by the ASAS-SN Sky Patrol (Shappee et al. 2014; Kochanek et al. 2017) . We should note that the ASAS-SN data around 16.5 mag might include systematic errors due to their limiting magnitudes. The horizontal axis "Date" of the 2015 and 2017 outbursts are defined to be BJD − 2457346.751 and BJD − 2457982.000, respectively. Each light curve shows two superoutbursts (double superoutburst) and rebrightenings. We respectively marked the superoutbursts, rebrightenings and "small rebrightenings" with the labels "SO", "R" and "r". The overall light curves are roughly consistent with each other.
Result

Overall Light Curve
According to the 2015 light curve, the maximum brightness value of the first superoutburst (SO1) is V=12.85 on Date = 0.85. The SO1 lasted for about 4 d and the object rapidly faded to 18.0 mag. Then the object brightened again and reached the maximum of the second superoutburst (SO2) on Date = 7.6. The duration of the SO2 is about 5 d. Unfortunately, there is no data of the plateau of the SO1 in 2017 due to the observational gap, hence we cannot exclude the possibility that the SO1 in 2017 is not a superoutburst but a precursor outburst. After the end of the SO2, the object showed a slow decline with multiple rebrightenings. In 2017, the object returned to the quiescent magnitude of V = 18.53 around Date = 120. 
Early superhumps
During the SO1, we succeeded in detecting double-wave modulations with a constant period of 0.0252329(49) d. The result of the period analysis and the averaged profile are shown in the left panels of figure 2. Because the SO1 is brighter than the SO2 which shows the ordinary superhumps, the disk should expand beyond the 3:1 resonance radius and reach the 2:1 one. As explained in introduction, the 2:1 resonance suppresses the 3:1 resonance (Lubow 1991a; Osaki, Meyer 2003) . If the disk did not reach the 2:1 resonance radius, the object should show ordinary superhumps during the SO1. As explained in next section, the growing ordinary superhumps were detected in the rising part of the SO2, thus we propose that the modulations in the SO1 are early superhumps. The constant period and the characteristic double-wave profile also suggest that they are early superhumps. Thus, we can use the period of the early superhump as P orb .
Ordinary superhumps
After the end of the SO1, ordinary superhumps began to grow. We drew the O − C diagrams of superhump maxima (figure 3). For the classification and the interpretation of the superhump stages, see Kato et al. 2009 and Kato, Osaki 2013 . In WZ Sge-type DNe, "late-stage superhumps" are usually observed instead of stage C ones after the main superoutburst (Kato 2015). P SH in the late stage is shorter than in stage A but longer than in stage B.
We can distinguish between stage A, B and late-stage superhumps from the O − C diagrams. Around the rapid fading from the SO1 (marked "F" in figure 3), the object showed short-period modulations (hereafter we call this term "fading stage"). We will discuss the modulations in the fading stage in section 5.2. We summarized the estimated periods and the Dates used for our analysis in table 1. The periods in 2017 have significantly larger errors due to the lacking data, thus we will basically use the values in 2015. The right panel of figure 2 shows phase-averaged profiles in 2015. 
Rebrightenings
Each light curve shows eight rebrightenings. The timings of the rebrightenings are almost the same except for the last one. The duration and the amplitudes are 1.5 d and 2.1-2.6 mag, respectively. Only in the 2015 outburst, the object showed two "short rebrightenings" whose duration and amplitudes are respectively ∼ 0.6 d and ∼ 1 mag (you can see the enlarged light curve of the rebrightenings in figure E1 2 ).
We extracted the linear rising/fading part of the rebrightenings in 2015 and evaluated the rising/fading rates. The averaged rising/fading rates in the normal rebrightenings are approximately -15(2) mag/d and 2.2(2) mag/d, respectively. Such a rapid rising suggests that the normal rebrightenings are outside-in outbursts. In contrast, the rising/fading rates in the short rebrightenings are about -6 mag/d and 4.7 mag/d, respectively. The slow rising implies that the short rebrightenings are inside-out outbursts and arose only in the inner part of the disk.
Discussion
WZ Sge-type superoutburst
As mentioned in the introduction, many AM CVn stars have low q and can potentially cause a WZ Sge-type superoutburst. A part of H-rich CVs with extreme low q < 0.06 show double superoutbursts which are composed of the first superoutburst with early superhumps and the second superoutburst with ordinary superhumps (Kato 2015) . Because the growth time of the 3:1 resonance is proportional to q 2 (Lubow 1991a), the systems having low q cannot maintain the superoutburst just after the disappears of the early superhumps. When the ordinary superhump sufficiently develops, the object undergoes the second superoutburst (Kimura et al. 2016 ). The outburst behaviors of NSV 1440 are in agreement with this interpretation. Although we don't know the true P orb of NSV 1440, we can interpret the modulations in the SO1 as early superhumps on the basis of the outburst morphology. Thus NSV 1440 is the first promising WZ Sge-type DN in AM CVn stars and candidates.
WZ Sge-type superoutbursts in AM CVn stars could be double superoutbursts because of their extreme low q. Levitan et al. (2015) investigated the long-term light curves of many AM CVn stars and confirmed WZ Sgetype DNe-like light curves. The light curve of SDSS J172102.48+273301.2 resembles those of NSV 1440 closely (figure 10 in Levitan et al. 2015) . There is however no time-resolved data and we cannot confirm the presence of early superhumps. SDSS J090221.35+381941.9 reported in Kato et al. (2014) showed a precursor outburst one week before the SU UMa-type superoutburst. The precursor may have been a superoutburst with early superhumps, but they missed the overall profile of the precursor. Recently, SDSS J141118.31+481257.6 and ASASSN18rg also showed double superoutburst-like phenomena (Isogai et al. in preparation).
Orbital-period modulations in the fading stage
The periods of the modulations in the fading stage are close to P orb (table 1) . GW Lib, a typical H-rich WZ Sgetype DN, also showed such orbital-period modulations in the fading stage (see figure 33 in Kato et al. 2009 ). It is known that the pressure effect in the disk shortens P SH (Lubow 1992) . If the pressure effect is amplified in the fading stage, P SH might match with P orb . The right panel of figure 2 shows the orbital-period modulations have a sine wave shape. The period and the profile may give us the impression that the bright spot was brightened in the fading stage, namely the mass transfer was en-hanced. However, it is difficult to understand the reason why such orbital modulations become visible only in the fading stage.
Mass ratio and evolutionary channel
Three evolutionary channels (WD, helium-star and evolved-CV channels) have been proposed to form AM CVn stars, but the contribution of each channel is poorly understood. The secondaries of WD channel systems are fully-degenerate WDs. Whereas, those of helium-star and evolved-CV channel systems are initially semi-degenerate stars and gradually evolve into fully-degenerate ones (cf. Deloye et al. 2007 ). Thus, secondary masses help to reveal their evolutionary channels.
We can also use mass ratio q, which is easier to obtain than donor mass. The empirical relation between q, P orb and P SH of hydrogen-rich DNe has been widely known, e.g. Patterson et al. (2005) . However, Roelofs et al. (2006b) confirmed that q from the empirical law is significantly different from their spectroscopic measurement. Furthermore, Pearson (2007) indicated that superhump periods are affected by the pressure effect in the disk and computed the pressure effect of AM CVn stars. According to his formulation, the pressure effect also depends on the mass-radius relation of the secondary. Because the mass-radius relation of AM CVn stars differs with the evolutionary scenarios, Pearson (2007) concluded that we should not use the empirical law for AM CVn stars. Osaki, Kato (2013) interpreted that P SH of the growing (stage A) superhump corresponds to the dynamical precession rate at the 3:1 resonance radius based on the Kepler's complete light curve. Kato, Osaki (2013) investigated P SH and q of hydrogen-rich CVs and have established the q estimation method in a purely dynamical way. They confirmed that q from stage A are in good agreement with q from the eclipse measurement. Because this method does not depend on the disk composition and the secondary mass-radius relation, we can apply to other DN cousins. In fact, Ohnishi et al. (submitted) estimated q of the metal-poor (population II) system OV Boo by using P SH in stage A and the early superhump period which is regarded as P orb . They succeeded in confirming that q from the stage A method is consistent with q from the eclipse measurement. The metal abundance significantly affects the mass-radius relation (Stehle et al. 1997 ) and the viscosity in the disk (Pojmanski 1986). Therefore, this result strongly suggests that we can also apply the stage A method to AM CVn stars. However, we need to confirm the orbital period and mass ratio via spectroscopies or eclipse observations. Kato, Osaki (2013) proposed that q can be estimated by using the fractional superhump excess ε * ≡ 1 − P orb /P SH in stage A. On the basis of the theoretical equations in Kato, Osaki (2013) and ε * = 0.0174(8), we obtained q = 0.045(2). Armstrong et al. (2012) derived the following evolutionary tracks from the Kepler's third law, the secondary's Roche lobe-filling condition (Faulkner et al. 1972) , the mass-radius relation of fully-degenerate stars (Zapolsky, Salpeter 1969) and that of semi-degenerate stars (Savonije et al. 1986 ):
M 2 = 1.43 × 10 −4 P −1.22 orb for the fully-degenerate secondary,(1) M 2 = 3.18 × 10 −4 P −1.27 orb for the semi-degenerate secondary,(2) Figure 4 shows the above evolutionary tracks on the P orbq plane. The dashed and solid curves respectively mean semi and fully-degenerate secondaries assuming M 1 . The value of NSV 1440 suggests that the object has a semidegenerate secondary, and hence the object is an AM CVn star in a helium-star or evolved-CV channel.
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Period variations of superhumps
From the O − C diagrams, we estimated the period derivative P dot =Ṗ/P of stage B to be −1.4(5) × 10 −5 in 2015 and −1.5(7) × 10 −5 in 2017. In hydrogen-rich CVs, it is empirically known that the P dot depends on P orb and q. Especially, P dot of WZ Sge-type DNe have good correlation with q. Kato (2015) derived the empirical relation q = 0.0043(9)P dot × 10 5 + 0.060(5) for H-rich WZ Sge-type DNe. Then, we obtained q = 0.054(6) in 2015 and 0.053(6) in 2017 which are larger than q = 0.045(2) estimated in section 5.3. We should modify the relation for AM CVn stars.
The pressure effect in the disks in He-rich CVs appears to be larger than that in H-rich CVs because of the higher ionization temperature ( figure 1 , all superoutbursts are brighter than 14.0 mag, and all rebrightenings (normal outbursts) are fainter than 14.0 mag. These superoutburst intervals implies the supercycle of two years. If this inference is correct, we can calculate the averaged supercycle of 728(7) d. Levitan et al. (2015) empirically obtained the following relation between the outburst recurrence time ∆T and P orb :
This equation suggests that the supercycle of NSV 1440 is 474.6 d. This value is roughly consistent with our estimation. However, there is some uncertainty. Although ASAS-3 had observed around NSV 1440 for nine years, the detected outburst is only two. It might be caused by the shallow limiting magnitude of V ∼ 14 (Pojmanski 2004) and/or some observation gaps. We should correct the supercycle by further observations.
Summary
The outbursts of NSV 1440 showed the following features, are known in H-rich WZ Sge-type DNe: (1) double superoutbursts; (2) early superhumps; (3) late-stage superhumps instead of stage C ones; (4) orbital-period modulations in the fading stage; (5) multiple rebrightenings. (2013), we estimated q = 0.045(2). This value suggests that the object is an AM CVn star and has a semi-degenerate secondary. In other words, the object can be a helium-star or evolved-CV channel system. However, we should note that the validity of the q estimation method from stage A P SH is not confirmed in AM CVn stars. Therefore, we need to compare q from stage A with q from other methods also in AM CVn stars.
Supplementary Material
The following supplementary data is available in the online article. figure E1-E2 and tables E1-E4. BJD − 2400000 (Shappee et al. 2014; Kochanek et al. 2017) . The black circles and purple "V"-shapes represent the ASAS-3 data and its rough upper limits of V = 14, respectively. The green triangles and gray "V"-shapes represent ASAS-SN V-band data and its upper limits, respectively. The blue crosses and yellow "V"-shapes represent ASAS-SN g-band data and its upper limits, respectively. The object has shown four major outbursts on BJD 2452929.74 (in 2003 ), 2453669.80 (in 2005 ), BJD 2457339.62 (in 2015 ) and BJD 2457987.27 (in 2017 . figure 1 and 3 ). † C = 2457353.794513 + 0.02535754750E. ‡ Number of points used to determine the maximum. 
